To compare the detection rates for rectal cancer cells in blood and bone marrow in patients with or without preoperative chemoradiation. Summary Background Data: Previous reports have postulated a resistance of disseminated tumor cells to antiproliferative agents because of tumor cell dormancy. Methods: Blood samples from 142 patients (pre, intra-, and postoperative samples) and bone marrow samples from 127 patients undergoing resection of rectal adenocarcinoma were analyzed for tumor cells using a cytokeratin (CK) 20-reverse transcription polymerase chain reaction. The results were stratified according to preoperative therapy. Results: In patients without preoperative chemoradiation, tumor cell detection in blood and bone marrow correlated to tumor stage (Cochran Armitage trend test, P Ͻ 0.05). Tumor cells were detected in 34 of 103 (33%) bone marrow and 65 of 117 (55.6%) blood samples of patients without neoadjuvant treatment versus in 4 of 24 (16.7%) bone marrow and in 10 of 25 (40%) blood samples of patients with neoadjuvant treatment. The tumor cell detection rate was significantly lower in the group having undergone chemoradiation (binary logistic regression analysis, P Ͻ 0.05). The overall and disease-free survival were significantly worse in patients with tumor cell detection in the bone marrow after neoadjuvant therapy. Conclusions: Preoperative chemoradiation is associated with a decreased detection rate of rectal cancer cells in blood and bone marrow. These findings may explain the observed clinical benefit of patients with rectal cancer receiving chemoradiation. This is the first study suggesting that detection of disseminated rectal cancer cells may be useful for assessing the efficacy of neoadjuvant therapy. (Ann Surg 2003;238: 324 -331) P. K. and M. K. contributed equally to this study.
S urgical resection is the basis of therapy for patients with rectal cancer. Despite potentially curative resection, however, these patients are at high risk for systemic and local tumor recurrence caused by disseminated tumor cells not detected by current staging methods. One of the objectives of (neo-)adjuvant chemoradiation is the eradication of these tumor cells, thereby decreasing disease relapse and improving patient survival. [1] [2] [3] In patients with nonresectable tumors (uT4), preoperative chemoradiation has the additional potential to downstage the tumor to allow a complete tumor resection. [1] [2] [3] Because disseminated tumor cells rarely express proliferation-associated markers, it has been speculated that these cells may be resistant to antiproliferative agents. 4, 5 Currently, the efficacy of chemoradiation in the individual rectal cancer patient cannot be adequately assessed. The development of a surrogate marker to monitor the efficacy of (neo)-adjuvant treatment of rectal cancer would allow individualization of therapeutic regimes and thereby probably improve the management of these patients.
Polymerase chain reaction (PCR)-based protocols are sensitive and specific assays for detection of disseminated cancer cells, allowing the identification of approximately 1 neoplastic cell in 10 7 normal peripheral mononuclear blood cells. 6, 7 The detection of disseminated cancer cells by reverse-transcription PCR is based on detection of mRNA. Because blood and bone marrow contain sufficient RNAase to destroy extracellular RNA within a few seconds, the detection of mRNA in blood and bone marrow samples is generally accepted as an indicator for the presence of viable cells. 8, 9 Recently, we demonstrated the sensitivity and specificity of a cytokeratin (CK) 20-reverse transcription (RT)-PCR system in detecting disseminated colorectal cancer cells in blood and bone marrow. 10 -13 In this study, we compared the frequency of tumor cell detection in blood and bone marrow of patients with rectal cancer having either undergone preoperative chemoradiation or not to evaluate the efficacy of neoadjuvant therapy in eliminating disseminated cancer cells.
PATIENTS AND METHODS

Patients and Treatment
Informed consent was obtained from all patients. The study protocol was approved by the Ethics Committee of the University of Heidelberg. Patients (n ϭ 154) with histologically confirmed primary rectal adenocarcinoma treated at the Departments of Surgery and Radiotherapy, University of Heidelberg were included (127 patients without, 27 patients with neoadjuvant therapy). Blood samples were available from 144 of the 154 patients (117 patients without, 27 patients with neoadjuvant therapy; in 2 patients receiving neoadjuvant therapy, only preoperative blood samples were obtained). Informed consent for bone marrow aspiration was obtained from 127 patients (103 patients without, 24 patients with neoadjuvant therapy). Patients with other malignant disease in their medical history were excluded. All patients were staged locally using endorectal ultrasonography, in case of suspected tumor infiltration into surrounding structures (uT4) a Hydro-CT scan of the pelvis was performed.
Patients with suspected tumor infiltration into surrounding structures (uT4) and patients with very low tumors with the intention of sphincter preserving resection were subjected to neoadjuvant chemoradiation. Surgery was performed 5 to 7 weeks after termination of neoadjuvant treatment.
The tumor was resected according to the "no-touch isolation" technique with total mesorectal excision, either by abdominoperineal resection or by low anterior resection. All patients who received neoadjuvant treatment and the patients with uT3/4 or uNϩ tumors were subjected to intraoperative radiotherapy (IORT).
Patients with stage II or III tumors, not being subjected to neoadjuvant treatment, received postoperative radiochemotherapy in addition to IORT. Tumor stage and grading were classified according to the 5th edition of the TNM classification of the UICC (International Union Against Cancer). 14
Chemoradiation
Preoperative external beam radiotherapy was delivered with 23 MV photons. A 3-field technique (equally weighted posterior and lateral fields) was used with cephalad field borders after 3-dimensional treatment planning based on continuous computer tomographic slices. The mean neoadjuvant radiation dose was 41.1 Gy (29.3-50.4), which was determined to the reference point according to ICRU 50. Doses were delivered by conventional fractionation at 1.8 Gy per fraction, 5 fractions a week.
IORT was performed with an apparatus permanently installed in an operation theater of the surgical department. A magnetron-powered linear accelerator (Siemens Mevatron ME) provided electron beam energies from 6 to 18 MeV, corresponding to a depth of 24 -54 mm down to the 90% isodose. The IORT dose was 10 to 15 Gy, depending on the applied neoadjuvant or planed adjuvant radiation dose.
In 17 patients, neoadjuvant chemotherapy was given as concomitant fractions on days 1-5 and 16 -20 of the external beam radiotherapy (350 mg/m 2 5-FU and 20 mg/m 2 Leucovorin) and completed by additional 4 weekly cycles after the operation. Ten patients had weekly continuous chemotherapy (300 mg/m 2 5-FU) during radiotherapy without postoperative chemotherapy.
Blood and Bone Marrow Samples
Three blood samples (10 mL) were obtained from each patient through a central venous catheter in the superior vena cava: the first after induction of anesthesia, the second after resection of the tumor, and the third 24 hours after the operation. Bone marrow samples (10 mL) were obtained after induction of general anesthesia by aspiration from both iliac crests (puncture site well outside irradiation field). The blood and bone marrow samples were diluted with 10 mL phosphate-buffered saline. After density centrifugation through Ficoll-Paque (Pharmacia; 30 minutes, 400 g) mononuclear cells were harvested from the interphase and washed twice in phosphate-buffered saline. The cell pellet was then shock frozen in liquid nitrogen and stored at Ϫ70°C.
RNA Extraction
RNA extraction from peripheral mononuclear blood cells, from bone marrow samples and from frozen tissue sections of tumors was conducted as previously described. 10
RT-PCR
CK 20-RT-PCR was performed as previously described. 10 PCR products were analyzed by electrophoresis on 2% agarose gels. PCR products were blotted onto nylon membranes (Hybond Nϩ, Amersham Life Science, Buckinghamshire, UK) and hybridized with a chemoluminescencelabeled oligonucleotide probe as previously described. 11 RNA quality and performance of reverse transcription of all analyzed samples was confirmed by RT-PCR amplification of glyceraldehyde phosphate dehydrogenase transcripts as previously described. 10 dows (Cytel Software Corp). A result was considered statistically significant when the P value was less than or equal to 5% (P Յ 0.05). To provide quantitative information of the relevance of statistically significant results, 95% confidence intervals for odds ratios were computed. A binary logistic regression model was used to assess the effect of stage and neoadjuvant therapy on the detection rate of disseminated tumor cells. 15 In patients undergoing neoadjuvant chemoradiation, the clinical stage was taken as basis for this analysis. 16 The Cochran-Armitage trend test was used to determine the relationship between T, N category, stage, and the detection of disseminated tumor cells in patients not receiving neoadjuvant treatment. 17 The time of follow up was calculated from the date of surgery. Survival was estimated according to the Kaplan-Meier method and compared using the log-rank test. 18 
RESULTS
Patient Characteristics
Included in this study were 154 patients with histologically confirmed primary rectal adenocarcinoma (99 male, 55 female; ages 27-96; mean, 61); 27 patients received neoadjuvant therapy, and 127 patients did not undergo neoadjuvant therapy. Indication for neoadjuvant therapy included suspected tumor infiltration into surrounding structures (clinically T4; n ϭ 21) and patients with tumors in close proximity to the anal sphincter with the intention of sphincter preserving resection (n ϭ 6). The stage distribution of patients without neoadjuvant chemoradiation is displayed in Table 1 . The clinical stages of the patients undergoing neoadjuvant radiation were the following: Stage I: 0 patients, Stage II: 9 patients, Stage III: 11 patients, and Stage IV: 7 patients. The pathohistological (post-therapeutic) stages of these patients were the following: Stage I: 7 patients, Stage II: 4 patients, Stage III: 7 patients; and Stage IV: 7 patients. Two patients showed a complete histologic treatment response.
Tumor Cell Detection in Blood and Bone Marrow
Blood samples of 144 patients (117 patients without neoadjuvant therapy, 27 patients receiving neoadjuvant ther-apy) and bone marrow samples of 127 patients (103 patients without neoadjuvant therapy, 24 patients receiving neoadjuvant therapy) with rectal carcinoma were analyzed by CK 20-RT-PCR. The sensitivity of the CK 20-RT-PCR assay was determined in previous cell-spiking experiments. The assay allows the detection of 10 HT 29 cells in 10 mL of blood. 10 The specificity of the CK 20-RT-PCR assay was determined in recent studies, 174 blood samples of 98 individuals and bone marrow samples of 30 patients without malignant disease consistently tested negative for CK 20 expression. 10 -13,19,20 In patients without neoadjuvant therapy, CK 20 transcripts were detected in at least 1 of the 3 blood samples taken (pre, intra-, and postoperative samples) in 55.6% of patients (65/117), in preoperative blood samples only in 31.6% of patients (37/117) and in bone marrow samples in 33% of patients (34/103). Tumor cell detection in blood (pre, intraand postoperative samples) and bone marrow followed a statistically significant stage dependent trend (Cochran-Armitage trend test; Table 1 ).
The results of tumor cell detection in blood and bone marrow of patients having received neoadjuvant chemoradiation in comparison to patients without this therapy are displayed in Table 2 . Tumor cell detection rates in blood and bone marrow of patients having undergone neoadjuvant therapy were even lower than detection rates in stage I patients without neoadjuvant therapy.
The effect of preoperative chemoradiation was then analyzed by a logistic regression model, which included tumor stage as additional risk factor. Neoadjuvant chemotherapy was associated with a significantly lower detection rate of tumor cells in bone marrow and in pre, intra-and postoperative blood samples in this analysis. This result was independent of tumor stage. The probability of detecting tumor cells in the bone marrow of patients having undergone neoadjuvant chemoradiation was 5 times lower than that of patients not having had neoadjuvant therapy, in blood samples this probability was still almost 3 times lower (Table 3) .
Follow-Up
The 20 patients who received neoadjuvant therapy and underwent R0 resection were included in the follow-up anal- Bone marrow data were available for 17 of the patients. Tumor cells were detected in the bone marrow of 3 patients, 2 of which developed liver metastases (one patient has died of disease, the other is alive with disease). Of the 14 patients without detectable tumor cells in the bone marrow, only 2 patients have developed a recurrence. One patient developed lung metastases (alive with disease) and the other patient developed liver metastases (died of disease). The estimated 4-year disease free survival rate is 85% in patients without detectable tumor cells in the bone marrow (median survival has not yet been reached, median follow up is 50 months, range: 15-70 months) versus 0% in the bone marrow positive group (median survival 24 months; log-rank test, P ϭ 0.03; Fig. 1 ). The estimated 4-year overall survival rates are 91% for the bone marrow negative group (median survival has not yet been reached) versus 0% for the bone marrow positive group (median survival: 42 months; log-rank test, P ϭ 0.04).
Tumor cells were detected in pre, intra-, and postoperative blood samples in 7 of 20 patients having undergone neoadjuvant therapy. Three of the 7 patients with detectable tumor cells in the blood samples have in the meantime recurred (lung metastases n ϭ 1, liver metastases n ϭ 1, local recurrence n ϭ 1). One of these patients has died of disease, the other 2 are alive with disease. Four of the 13 patients without detectable tumor cells in the blood have developed distant metastases. Two of these patients have died of disease, and the other 2 are alive with disease. The estimated 4-year disease free survival rates are 68% for the blood-negative group (median survival has not yet been reached, median follow-up is 50 months; range, 16 -70 months) and 48% for the blood positive group (median survival: 48 months; P ϭ ns), the estimated 4-year overall survival rates are 81% and 75% respectively (median survival has not yet been reached for both groups; P ϭ ns).
DISCUSSION
This study investigated the association of neoadjuvant chemoradiation with hematogenous dissemination of rectal cancer. Monitoring the efficacy of neoadjuvant chemoradiation could potentially be of high value for patients with rectal carcinoma because therapeutic regimens could be more specifically tailored to the individual patient. This is of special importance because several studies have indicated that antiproliferative agents may not be effective against disseminated tumor cells as these cells rarely express proliferation-associated markers. 4, 5 In contrast to local downstaging, which can be assessed by imaging techniques, such as rectal endosonography or positron emission tomography, 21, 22 the response of disseminated tumor cells to systemic treatment cannot be adequately evaluated. Even though some authors have suggested that a significant tumor response to neoadjuvant chemoradiation is correlated to an improved survival, this has not been confirmed in other studies. [23] [24] [25] Efficacy of antiproliferative drugs against disseminated tumor cells might be predictable by molecular characterization of the primary tumors, as rectal cancers without c-K-ras-mutations or with p53-mutations appear to be less sensitive to preoperative chemoradiation. 26, 27 The level of thymidylate synthase and polymorphisms of the repeated sequences in the enhancer of the thymidylate synthase gene promoter in tumor tissue may also allow prediction of the response to preoperative chemoradiation. 28, 29 However, prospective data from large patient cohorts regarding the value of these molecular markers are not yet available. In addition, cancers may be very heterogeneous; therefore assessment of the primary tumor may not accurately predict the behavior of disseminated cancer cells. 30 Detection of disseminated rectal cancer cells in blood and bone marrow may prove to be a suitable surrogate marker for monitoring the efficacy of systemic therapy in rectal cancer patients. In breast cancer patients the validity of this concept has already been demonstrated. 4, 31 Comparable data has not yet been published for rectal cancer.
In this study, we determined the frequency of hematogenous tumor cell spread in patients with rectal cancer by CK 20-RT-PCR. Immunohistochemistry showed a similar rate of CK 20 expression in the resected rectal carcinomas of those patients having undergone neoadjuvant chemoradiation compared with published data of CK 20 expression in untreated colorectal carcinomas (data not shown). 32 This suggests that neoadjuvant treatment does not lead to a downregulation of CK 20-expression in tumor cells, which could have resulted in an increased rate of false negative findings in the used assay.
To exclude mere sampling errors as cause for the obviously different detection rates in the investigated groups the results were statistically analyzed. In patients not having had neoadjuvant therapy, we were able to demonstrate a significant correlation of the rate of tumor cell detection to tumor stage (Table 1) . To eliminate the influence of tumor stage on the detection rates, the analysis of the potential effect of neoadjuvant therapy was performed by binary logistic regression. This analysis demonstrated, that preoperative chemoradiation of rectal cancer is significantly associated with a lower detection rate of disseminated cancer cells in blood (obtained pre, intra-, and postoperatively) and bone marrow and revealed a strong trend for the same association in preoperative blood samples ( Table 3) . As hematogenous tumor cell spread is a function of primary tumor stage, we used pretherapeutic stages, as assessed by rectal ultrasonography and CT scan, as basis for the analysis. Endorectal ultrasound is currently regarded as the most accurate modality for local staging of rectal cancer. 21, 33, 34 We did not use the post-therapeutic stages for the above analysis since neoadjuvant therapy is known to result in downstaging in a considerable number of patients. 2 The resulting lower tumor stages would have introduced a significant bias into the statistical analysis as tumor cell dissemination is predicted to be less in lower stages. The calculation of the effect of neoadjuvant therapy based on post-therapeutic stages would have probably underestimated the actual effect of this treatment on disseminated cells. In summary, our results seem to indicate an association of neoadjuvant chemoradiation to lower tumor cell detection rates in blood (pre, intra-and postoperative samples) and bone marrow. Previous reports have postulated a resistance of disseminated tumor cells to antiproliferative agents because of tumor cell dormancy. 4, 5 The latter hypothesis, however, is in conflict with studies demonstrating improved survival of patients with rectal cancer having undergone chemoradiation which in turn suggests that this form of additional treatment may indeed be able to eliminate systemic tumor cell dissemination. 1, 3, 35, 36 Our results support this and may, at least partly, explain the observed clinical benefit of patients with rectal carcinoma having received chemoradiation. In our study, patients without detectable tumor cells in the bone marrow samples after neoadjuvant chemoradiation had a significant better overall and disease free survival compared with patients with detectable tumor cells. These data need to be confirmed by multivariate analysis of a larger patient cohort. The 4-year disease free survival rate of 85% and the 4-year overall survival rate of 91% in the group with negative bone marrow samples suggest a particularly good prognosis for this subgroup of patients. Further long-term follow-up is needed to clarify whether tumor cell detection in blood or tumor cell detection in bone marrow is more suitable to serve as a marker of efficacy for systemic therapy. In this study, the effect of neoadjuvant therapy was more evident on tumor cells detected in bone marrow samples and only tumor cell detection in bone marrow had any prognostic impact.
Based on our data, we hypothesize that neoadjuvant chemoradiation is associated with a lower frequency of disseminated tumor rectal cancer cells and that the detection of disseminated tumor cells by CK 20-RT-PCR may be able to serve as a marker to evaluate the efficacy of systemic therapy in patients with rectal cancer. The next step would be to perform serial examinations of patients with rectal cancer before and after chemoradiation to further substantiate our hypotheses. If the clinical validity of our data can indeed be confirmed, the treatment of rectal cancer may possibly be further individualized and guided by the detection of disseminated cancer cells.
Discussions
DR. HAROLD J. WANEBO (Providence, Rhode Island): I want to congratulate Dr. Kienle and the Heidelberg Group on a very informative study illustrating a true in vivo tumor cell sensitivity assay and its potential in determining responsiveness to neoadjuvant therapy in rectal cancer patients. I have 3 questions:
Is there any relationship of the tumor cell detection to the CEA level, which has been shown to be at least a prognostic determinant in colorectal cancer in general?
Secondly, is there a correlation of the detected tumor cell level to the pattern of recurrence? I gather from your data that there is a higher pattern of distant failure, but is there a difference according to the pattern of the blood determined tumor cells versus the bone marrow determined tumor cells? For example, is there more likely a recurrence related to the presence of bone marrow detected cells?
Lastly, I think you alluded to it, but what would be your consideration in treating patients that do have persistence of tumor cells after neoadjuvant therapy, which would suggest that they are not responding. Is there some other option that might be done? I want to thank the Association for the privilege of the floor and for a very informative contribution.
DR. CHRISTIAN HERFARTH (Heidelberg, Germany):
Thank you very much for your questions, Dr. Wanebo. I can't tell you anything about the correlation of CEA levels to tumor cell detection because we did not specifically analyze that. The main objectives of our study were to investigate how tumor cell detection was related to tumor stage and what influence neoadjuvant therapy had on the tumor cell detection rate. After having shown that the tumor cell detection rate in blood and bone marrow indeed increases with more advanced tumor stages, the next step would be to perform a larger prospective trial where the tumor cell detection rate using CK-20-RT-PCR is compared with CTA levels and other established risk factors.
Concerning your question on correlation of tumor cell detection and pattern of recurrence we cannot answer this because the follow-up has not yet been completed for the whole patient cohort. In the group of patients having undergone neoadjuvant therapy only 7 patients developed a recurrence and we failed to find any specific pattern here. However, this probably has little significance due to the small sample size.
That brings us to your third question, what are our future plans, especially in regard to the treatment of those patients with disseminated tumor cells. Well, we are now planning to perform a prospective trial looking at disseminated tumor cells in bone marrow before and after neoadjuvant chemoradiation in the same patients. We initially couldn't do that because the local ethics committee would not give us permission to aspirate bone marrow without general anesthesia before the surgery within this study. They argued that there was too little evidence that chemoradiation indeed had any influence on the detection rate of disseminated cells and that this had any pathologic meaning in the cause of the disease. Now, after having shown that neoadjuvant therapy is associated with a lower tumor cell detection rate we are optimistic that we will get ethics committee approval to look for disseminated tumor cells in the bone marrow before chemoradiation. Our long-term goal is to use disseminated tumor cells as a surrogate marker for the effectiveness of systemic therapy. Patients with persistence of tumor cells after systemic therapy might benefit from a change of therapeutic regimen.
DR. OLGA JONASSON (Chicago, Illinois): Approximately 50 years ago Dr. Warren Cole, a former president of this Society, had his laboratory study cancer cells in circulating blood. Some of these papers were presented at these meetings. The techniques used then were highly labor intensive.
Many of us were studying peripheral smears with -with Papanicolau's technique. And certainly the cancer cells were there. But what surprised us then and in subsequent reports, using other more elegant staining technologies or identification techniques, such as yours, have continued to show these circulating cancer cells in the blood and in the bone marrow. Not all of these patients with these cells, though, go on to die of their disease, and I am certain there are many factors which bear upon the cell's ability to establish distant disease. I wonder if you might speculate on those mechanisms.
Thank you very much for this very interesting and essential question. It is well known that disseminated tumor cells can regularly be found in patients with tumors. I would like to recall the investigations of Dr. Fidler from Houston, who analyzed isolated tumor cells in earlier experiments and found tumor cells in the blood already in early tumor stages. The main point is that not every tumor cell forms a metasta- sis, only about 1 of 10,000 or even more tumor cells develops into an overt metastasis. The risk of formation of metastases is probably dependent on the number and the biologic behavior of the circulating tumor cells. As the PRC assay we used was not quantitative we cannot say anything about the number of detected tumor cells, however, a higher number of disseminated tumor cells probably increases the risk of a recurrence when considering the above estimates for metastases formation. Further studies are needed to better characterize these cells. A comment first. Since this was not a randomized trial and there was considerable heterogeneity of the patients, it is not entirely clear to me whether the lower CK 20 positivity rate seen in the neoadjuvant group was truly due to the receipt of preoperative chemoradiation or to some other factor not represented in the statistical modeling. In the study, your CK positivity was very, very strong and length to stage IV disease. Since it may be more beneficial to monitor CK 20 levels and potentially cure those staged patients, I wonder if you eliminated the stage IV patients from your analysis and limited it just to the stage I to III patients, does the use of neoadjuvant chemoradiation still correlate with reduced CK 20 levels?
My second comment is that the correlation between the CK 20 positivity and relapse was not entirely tight, and since 20 to 40% of stage I patients are CK 20 positive yet we would expect only about a 10% relapse rate in stage I patients, my question is, do you have a sense of the predictive value for relapse in early-stage patients who did not receive any adjuvant therapy?
Then my final question pertains to the methodology. In this study you reported the RT-PCR is either positive or negative. That may be somewhat subjective, depending on what the band looks like and who is interpreting it. Have you considered or have you used quantitative PCR analysis? That may provide more objective data. When you reported your data, the PCR is reported either as positive or negative. I just wondered if you had used quantitative PCR analysis to give a more objective result. Thank you.
Thank you very much for these questions. I want to answer the last question first. Quantitative or semi-quantitative CK 20 PRC is probably not more accurate than the used RT-PCR for detecting disseminated cells in the study setting because CK-20 expression is known to be very heterogeneous in different tumor cells of the same patient. Therefore quantitative PCR not necessarily reflects the true number of tumor cells but merely the expression rate of the investigated marker gene. The used RT-PCR method is purely qualitative with a very high sensitivity, 1 tumor cell can be detected among 10 to 7 mononuclear cells.
To answer your other question, probably due to this very high sensitivity it is possible to find disseminated tumor cells also in a rather large number of patients with stage I disease. This again stresses the point, that detection of disseminated tumor cells in blood or bone marrow does not mean that the patient has a 100% chance of developing a recurrence. Therefore, not all these patients will indeed develop metastases, but they may have an increased risk for recurrence. This needs to be confirmed by the further oncological follow-up.
In this trial we could show that neoadjuvant chemoradiation reduces the tumor cell detection rate independent of the tumor stage, as the performed multivariate analysis was designed to correct for stage. Therefore also the number of patients with stage IV included in the study could not bias the result of the analysis.
DR. JOSE G. GUILLEM (New York, New York): It is well shown that following a long course of preoperative RT chemo that perhaps 12 to 15% of rectal cancers will demonstrate a complete pathologic response. In our institution's experience it appears that this subset goes on to have few if any failures at 5 years, suggesting that local response may also be a surrogate marker of overall outcome and efficacy of systemic therapy. My question therefore is, although your sample size is small, did you see any relationship between local response and level of CK 20?
DR. CHRISTIAN HERFARTH (Heidelberg, Germany): We had 2 patients with local recurrence who had a complete remission after neoadjuvant chemoradiation. Those patients did not have any disseminated tumor cells. Obviously a larger patient cohort needs to be examined to further clarify the role of disseminated tumor cells. I, however, want to point out, that the potential prognostic impact of local response to neoadjuvant treatment is currently debated in the literature. Detection of disseminated tumor cells might prove to be a valid diagnostic tool in this context.
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